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Sumsary

A preliminary enalycis of measure-to on
# - 0.6 ●sd 1.0 disk-snd+asher Iinac cavities
has indicated some limlt~tionnon washer support
methods; in particular, that the use of -#dial

supports should be woided until furt~’er tecti IS
is completed.

Introduction

The digk-and-washer cevi’y geometry 1 for

●n sccele:ating structure offers many ●dvantsgea
including high rf conversion ●fficiency ●nd high

coupling factor, so we initioted a detailed
study that included computer calculations ●nd

experimental measurements to determine limita-
tion, if ●ny, that uould have to be considered

in ●n operational system.
Other than Geometrical choices that have

been discussed ●lsewhere, 2*3 the method used
to support ●nd COCI the waaher must be considered

carefully because of the implication it haa on
compensation procedures required to give
●cceptable, on-axis, ● lectric field distribu-
tions

3
●nd on structure tuning. An earlier

study of support methods with ●luminum
cavities shows the importance of s~etrical
washer support schemes becauae they ●ither
●liminate or reduce the complexity of theme
compensating procedures. Figure 1 ohovs the
support methods studied (L, TO ●nd radial). The

radial support appeared to offer the ❑oat
●dvantages, but the ●ffects this echeme uould

have uo quality factor, Q, ●nd ctructure
impedance, Z, ~ere unknown. For this reaaon,
computer studies -re initiated and 6 = 0.6
●nd 1.0, copper etructurea were fabricated to
investigate the ●ffects of ●~etrical ouppoxt
techniques on Q ●nd Z.

.— —

L TO RADIAL

Fig. 1.

Waaher oupport ●ethods.

●work Parforged under the auapicee of the U.S.
Department of Energy.

~iaitor frow Chalk River Nuclear

Laboratories, Chalk River, Ontario, Can#da.

Calculstiona

Computer cslculationa for the different

cavity geometries have been done using the code
SUPtZRFISh.6 Geometrical parameter for this

study tre shown in Fig. 2.

Radial Support Effects

Tlse ●ffect. that radial support diameter and

length have on cavitv quality fzctor ●re
illustrated in Fig. 3. The ratio of qualitv
factor (Q) with stems, to the qualitv factor
(Qo) without ●terns is shown ●a ● function of

stem length ●nd diameter in dimensionless units
baaed on the resonance wave length, me
B = 0.6 disk-and-washer cavity geometry with

radial support stems was simulated bv.a coaxia!

cavity with its ●xis of rotation centered on the
stem and washer, because SUPERPISH does not
handle three-dimensional geometries. fsee

Fig. 4.) Size ●nd volume of the wcsher, disk.

outer cylinder, ●nd stem were scaled to give a

1370-MHz coaxial mode that had ● field dis-

tribution equivalent to the ●ccelerating mode
field distribution of the real cavity. Stem

●ffects tere determined % comparing calculated

hL+

Fig. 2.
Geometrical paraaetera of
disk-and-waaher structure.
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?it. 4.
SOPERYISR nimlatiom tiel with coaxitl

gmtry uoed to study tho R _ 0.6 cmvity.

reoulto vith md without ● ●t-. Variation of

st- langth wao ●ccapliched in two wayc, both
with ●imilar reoulto. The firot method,
Fig. 3a, was to change tha wnoher langth keeping

thr dimk lcntth or coaxial cavity lenBth fixed.
Pigura ?b ●houo rocults of cslculationc for the
washar length fixad ●nd diok length or coaxial

cavity langth chan~in~. Both -thodc ahou that

the langth of the radial support ●tn ohould be
C1OBC to ● qusrtcr wavalan8th to ●chiava

approximstaly 96% Q/Qo. Reoults ❑ot ah= in
the figure demonstrated that the r~dial stem
ohould h an ald mltipla of 1/4 in langth,
the nallor the wltiplc the lwer the looses.
Figure 3C ●hms the ratio O/QO ●m a function

of rtrm di=~eter for ● 0.28 h l.nsth #t@m. An
opt{- ●tcm diwtar of ●pproximately 0.09 i
is indicatad for thim gomtry. For four

●upport ot- this -uld bo ●quivalmt to

●pproximately 0.045 1.
~cao raoulto indicstc that thsre ohould be

a raoonanca botwcon the ●ten and the rett of the

cavity ●uch that the raoonant fraqucncy of t~.e

●tructurc w{th ● ctcm should cross through the

reoonant fraqu~ncy of s •tcmlaa~ ●tructurc ●s
the otum langth i- vsriad frm, ●av, ~/B to
31/8. It -t thus propooed to look for this
●ffGet ~crimontally.

Optiw # for A/b ladial Supporto

Caputationn wre ●loo done to {nveatigac*

the conacqucnccs to ●ffactiw ●hunt impedance,
ZT2, wh~n radial oupport ●t- wat ba

●pproxim.stely A/4 long. An opt- gap

botwon notts no lontar can ba colccted to
uaimire ZT2, bcauoa the sap mat ba ●djusted
to ●chiovc tho required w/7 ●ccaloratin8 modr
frsqueney, *12A. Va held tho fraquency ●t

1150 WIE, ●nd tho ~aoher radiuo, ~, ●qua] to

the cavity r diua, B.c, ●inuc A/A. ?iture 5
3shows hw ZT vari,tn ●o ● function of the

outer cylinder rad]~: ~, for particlt bats-
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For ● cli~ht werall lona in ZT2, ● c~on

~ cm be oelected for ●ll beta. The choice

obviouoly depend- m the pzrticle accelerated
●d the fiml ●nergy. ?or ●lectron-, m radiuo
would be umed thst ia hewily weithted in fwor
of higheot ZT29 where P - 1.0. For the Pion
Omermtor for Hedical Irradiation, PICMI,5

that requires structure with beta from 0.5 to
0.8, ● c-on outer mdius of 15.75 cm could be
uted because this dimnsim not aly matches
wailable pips oi. : but make. ● reasonable
cmpromite for ZT2. Acoam ~ for ●ll
beta otructureo lead- to the sew ~ for ●ll
tha washer-. Pabricstim and wterial procure-
ment shou!d be cimplifiod bacauee of the c-on
radii. Externally, the ●ccelerator =uld hwe
th~ sme diaeter for ●ll beta, which could
simplify ●li~ent ●d installation fixtures.

In thim otudy, wamhera ~re supported bv
radiml support stem of difftrent diawtero ●?
wteria]o fcoppm, ●ltminum, ●d ttainleca
cteel). UC detemined ●ff~ctn of metal ●upporte

bv cmparioon to meamiranta mde with the
waaher supported bv ● low-lona, dielectric

=terial such ●s Teflon. The higheot oual~ty
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lfomourments on Radial SUDPOrte

?lesmureunts of Z ●d Q havo been done on
B - 0.6 ●d B = 1.0, OPHC coppar, ditk-md-
wamher cwitim that -r hilt at 1320 HHz for
test- of PI~I gemetry. ! onl~ c prelidnary
Mal:aic of tham measutw-ts will be m-ented
Imra. The cwity QtmB mmmred usins lightly
empled 100PC to d~temine the ohape of the
resonmce cum for thp m/2A mods. The O and
w+e Q@ ●lso ~re checked for reference,
b-auoe radial wpport~ hwe very Iittla ●ffect
m thaoe ales. In all imtmeoo, proper care
mm takan to itmurs -d contact aid clcm

●urfamo. Mmouremento wmre re~mtad -y time~
to imura there wre no m~oteutic wroro or
inconcictencies in thz data. Mcamrewnto of
Z/Q -ra dono usins otrndard baadpwll techniques.

I

?it. 5.
Shunt bpedmce varmm cwity

outer radium ●t 1390 Wz.
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f~tor ma obtaiwd uo{rIs the mllaot diatm
wpporto coneistmt with cons? ralnto of r{~idity
md mrpplyin~ eoolin~. A- ●pactmd, the Imot
retittivity (copPar) ●upporto yicldw! the hot
rmnulto. Ma ●chicvcd 912 of thsorotical Z of ●

csr(ty witbut ampporto with # 9 - O.k PI~I
#-try that hmo ● radial oupport btmm lrgth
of ~rozkately 0.20 i. W obtsimd a ●light
iDpmwwn: in Q dwn the st- umre eoldared in
pltie, We mda zn mdditimal uatu~t in
tiich orm of the far radial wpporta uzc
comvartad into ● otmb tuner ●tondi~ MycmJ the
omtor cavity -11. fir rmault -a ●imilsr to
ttmt dmvn in Pig. 3s0

Wasou-ntc with the ~ = I.O PIGII
catry ~ve Qa laas than BOX of theoretical Q
for # Se-try that hao ● otem ltngth of ●bout
0.35 A. A opacial, copperplatcd-aluminum
cavity W- built for the @ _ 1.0 PICHI waoher

to make the otm length 1/4, kwt sEmin, Iota
than 802 of thooretica! Q uao mmaurad for the
Vla tie. Me then ran ● mriao of
mammrmentt to leak for ●ffects ● s predicted in
Fig, 3, by uoin~ m ●lminm pillboa cavity mnd

copper waohers of different diame?ers, thus
requiring different stem Imgthc. We di4 not

observe the pred!ctad trends, and there was no
indicatim of a atam ramnance ●ffect.

Concluoionr

Problm with ●greement between theoretical

and ●~erimentml reaulta m rmdial wsher
●upporcs in the diok-md%asher otructure
indicate that rsdisl stem ohould not be used
unless further masuramanta and calculations
●hcw better renulto. ~are ●ppmrs to be come

●greement for the B - 0,6 cavity, but not ior
the B= !. O otructure. ~e reduction in Q and

Z preoently obsrrved for the 0 = 1.0

structure, ● t least, ●ppear- co preclude the use
of radial ●teu. ?or Im-beta cavities, it

●pposro that radial ●terns .FLuld hc ●bout A/L
long and have the mallant diamter conmiotent

with other deoign cmotrsints.
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